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(54) Output circuit device tor clock signal distribution 



(57) An output circuit device has an output circuit 
connected between a first power supply line and a sec- 
ond power supply line via a control circuit having at least 
one Isolating transistor. A control voltage held at a con- 



stant level is applied to a control electrode of the Isolat- 
ing transistor, and the control voltage Is a voltage at a 
level that works to attenuate high-frequency compo- 
nents contained in a voltage supplied from the first or 
the second power supply line. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application Is based upon and claims the 
benefit of priority from the prior Japanese Patent Appli- 
cation No. 2002-153885. filed on May 28, 2002, the en- 
tire contents of which are incorporated herein by refer- 
ence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a signal trans- 
mission technology for enabling high-speed signal 
transmission between a plurality of LSI chips or a plu- 
rality of devices or circuit blocks within a single chip, or 
between a plurality of boards or cabinets, and more par- 
ticularly to an output circuit device to be used for clock 
signal distribution in high-speed signal transmission, 
and a system constructed with such output circuit devic- 
es, f 

2. Description of the Related Art 

[0003] Recently, the performance of components 
used In computers and other information processing ap- 
paratuses has been greatly improved. In particular, dra- 
matic improvements have been made, for example, in 
the performance of processors and semiconductor 
memory devices such as SRAMs (Static Random Ac- 
cess Memories) and DRAMs (Dynamic Random Access 
Memories). The improvements in the performance of 
semiconductor memory devices, processors, etc. have 
reached the point where system performance cannot be 
Improved further unless the speed of signal transmis- 
sion between components or elements is increased. 
[0004] Specifically, the speed gap between a memory 
such as a SRAM or DRAM and a processor (I.e., be- 
tween LSIs), for example, has been widening, and in re- 
cent years, this speed gap has been becoming a bottle- 
neck in a computer's performance. Further, not only the 
speed of signal transmission between such chips, but 
because of increasing Integration and increasing size of 
chips, decreasing supply voltage levels (decreasing sig- 
nal amplitude levels), etc. the speed of signal transmis- 
sion between elements or circuit blocks within a single 
chip is also becoming a majorf actor limiting the perform- 
ance of the chip. Moreover,- the speed of signal trans- 
mission between a peripheral device and the processor/ 
chipset also is becoming a major factor limiting the over- 
all performance of the system. 

[0005] Here, a technique for distributing a clock for ac- 
curate timing becomes important when it comes to In- 
creasing the speed of signal transmission within a cab- 
inet or between circuit blocks or chips. That is, as the 
timing accuracy of the distributed clock directly affects 



the accuracy of receive timing and also the timing accu- 
racy of a signal to be generated, a buffer that can mini- 
mize the occurrence of jitter must be used as a clock 
buffer for clock distribution. This applies not only to the 
5 dock distribution buffer, but also to various other output 
circuit devices that are required to operate at high speed 
with accurate timing. 

[0006] In the prior art, it was difficult to provide an out- 
put circuit device that can operate at high speed with 
io accurate timing by minimizing the occurrence of Jitter. 
[0007] The prior art and its associated problem will be 
described in detail later with reference to relevant draw- 
ings. 

15 SUMMARY OF THE INVENTION 

[0008] An object of the present Invention is to provide 
an output circuit device that can operate at high speed 
with accurate timing by minimizing the occurrence of jit- 
20 ter. 

[0009] According to the present invention, there is 
provided an output circuit device comprising an output 
circuit connected between a first power supply line and 
a second power supply line via a control circuit having 
25 at least one isolating transistor, wherein a control volt- 
age held at a constant level is applied to a control elec- 
trode of the isolating transistor, and the control voltage 
Is a voltage at a level that works to attenuate high-fre- 
quency components contained in a voltage supplied 
30 from the first or the second power supply line. 

[0010] Further, according to the present invention, 
there is also provided an output circuit system having a 
plurality of output circuit devices, multi-phase clocks be- 
ing transmitted through the plurality of output circuit de- 
35 vices, and phase spacing between multiple phases be- 
ing maintained constant by adjusting the amount of de- 
lay In each of the output circuit devices in accordance 
with an output of a uniformity detection circuit that de- 
tects phase uniformity between the multi-phase clocks, 
40 wherein each of the output circuit devices comprises an 
output circuit connected between a first power supply 
line and a second power supply line via a control circuit 
having at least one isolating transistor, wherein a control 
voltage held at a constant level is applied to a control 
45 electrode of the isolating transistor, and the control volt- 
age is a voltage at a level that works to attenuate high- 
frequency components contained in a voltage supplied 
from the first or the second power supply line. 
[0011] The control circuit may comprise a hlgh-fre- 
so quency component attenuating capacitor one end of 
which is connected to the control electrode of the Isolat- 
ing transistor. The Isolating transistor may be a source- 
grounded MOS transistor, and the other end of the high- 
frequency component attenuating capacitor may be 
55 connected to a source side of the first or the second 
power supply line whichever is connected to the source- 
grounded MOS transistor. The isolating transistor may 
be a pMOS transistor whose source Is connected to the 
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first power supply line, and whose drain is connected to 
the output circuit, and the other end of the high-frequen- 
cy component attenuating capacitor may be connected 
to the first power supply line. The isolating transistor 
may be an nMOS transistor whose source is connected 5 
to the second power supply line, and whose drain is con- 
nected to the output circuit, and the other end of the 
high-frequency component attenuating capacitor may 
be connected to the second power supply line. 
[0012] The isolating transistor may be a source-fol- 
lower connected MOS transistor, and the other end of 
the high-frequency component attenuating capacitor 
may be connected either to the first or the second power 
supply line whichever is not connected to the source- 
follower connected MOS transistor, or to a node having 
a prescribed potential difference relative to the power 
supply line not connected to the source-follower con- 
nected MOS transistor. The isolating transistor may be 
an nMOS transistor whose source is connected to the 
output circuit, and whose drain is connected to the first 
power supply line, and the other end of the high-frequen- 
cy component attenuating capacitor may be connected 
to the second power supply line. The isolating transistor 
may be a pMOS transistor whose source is connected 
to the output circuit, and whose drain Is connected to 
the second power supply line, and the other end of the 
high-frequency component attenuating capacitor may 
be connected to the first power supply line. 
[001 3] The control voltage may be generated through 
a noise reduction filter circuit, and the noise reduction 
filter circuit may attenuate the high-frequency compo- 
nents contained in the voltage supplied from the first or 
the second power supply line whichever is connected to 
the isolating MOS transistor. The output circuit may 
comprise a pair of inverters amplifying differential sig- 
nals, and a voltage passed through the control circuit 
may be applied to a back gate of a transistor forming 
each of the inverters. A well of each pMOS transistor 
forming the pair of inverters may be connected to the 
source of the pMOS transistor. 

[001 4] The isolating transistor may be provided on at 
least one side, either between the output circuit and the 
first power supply line, or between the output circuit and 
the second power supply line. The isolating transistor 
may be provided on both sides, both between the output 
circuit and the first power supply line and between the 
output circuit and the second power supply line. 
[0015] The output circuit device may further comprise 
a low-pass filter circuit provided in series to the isolating 
transistor. The low-pass filter circuit may comprise a fil- 
ter transistor connected in series between the isolating 
transistor and the first or the second power supply line; 
and a filter capacitor one end of which is connected to 
a connection node between the isolating transistor and 
the filter transistor. A potential on the first or the second 
power supply line, whichever is not connected to the fil- 
ter transistor, may be applied to a control electrode of 
the filter transistor as well as to the other end of the filter 



capacitor. 

[0016] The low-pass filter circuit may comprise a fitter 
resistor connected in series between the isolating tran- 
sistor and the first or the second power supply line; and 
a filter capacitor one end of which is connected to a con- 
nection node between the isolating transistor and the 
filter resistor. A potential on the first or the second power 
supply line, whichever is not connected to the filter re- 
sistor, may be applied to the other end of the filter ca- 
pacitor. 

[0017] According to the present invention, there is 
provided an output circuit device comprising an amplif ier 
circuit to which an Input signal is supplied, wherein a 
common-mode voltage of the input signal is adjusted to 
a value substantially equal to a common-mode voltage 
of an output signal output from the amplifier circuit. 
[0018] Further, according to the present invention, 
there is also provided an output circuit system having a 
plurality of output circuit devices, mufti-phase clocks be- 
ing transmitted through the plurality of output circuit de- 
vices, and phase spacing between multiple phases be- 
ing maintained constant by adjusting the amount of de- 
lay in each of the output circuit devices in accordance 
with an output of a uniformity detection circuit that de- 
tects phase uniformity between the multi-phase clocks, 
wherein each of the output circuit devices comprises an 
amplifier circuit to which an input signal is supplied, 
wherein a common-mode voltage of the input signal is 
adjusted to a value substantially equal to a common- 
mode voltage of an output signal output from the ampli- 
fier circuit. 

[0019] The adjustment of the common-mode voltage 
of the input signal may be performed by a common- 
mode feedback circuit provided on an output side of a 
transmitting circuit that transmits signals to the output 
circuit device. The adjustment of the common-mode 
voltage of the input signal may be performed by termi- 
nating the input signal with a power supply that is pro- 
vided on an input side of the output circuit device and 
that generates a common-mode voltage of a prescribed 
level. The adjustment of the common-mode voltage of 
the input signal may be performed by capacitively cou- 
pling the input signal with the amplifier circuit and by 
supplying a DC potential, after the capacitively coupling, 
to a power supply that is provided on an input side of 
the output circuit device and that generates a common- 
mode voltage of a prescribed level. 
[0020] The output circuit device may further comprise 
a duty detection circuit detecting an output duty of the 
output circuit; and a duty adjusting circuit adjusting the 
output duty of the output circuit in accordance with the 
detected duty, and wherein the ratio of the output duty 
is controlled to approximately 50%. The output circuit 
device may be a clock buffer used for clock signal dis- 
tribution. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The present Invention will be more clearly un- 
derstood from the description of the preferred embodi- 
ments as set forth below with reference to the accom- 
panying drawings, wherein: 

Figure 1 is a circuit diagram showing one example 
of a prior art output circuit device; 
Figure 2 Is a circuit diagram showing another exam- 
ple of the prior art output circuit device; 
Figures 3A and 3B are block circuit diagrams (part 
1) schematically showing the basic functional con- 
figuration of an output circuit device according to the 
present Invention; 

Figure 4 is a block circuit diagram showing one ex- 
ample of an output circuit in the output circuit devic- 
es of Figures 3 A and 3B; 

Figure 5 is a block circuit diagram (part 2) schemat- 
ically showing the basic functional configuration of 
the output circuit device according to the present 
invention; 

Figure 6 is a block circuit diagram schematically 
showing a first embodiment of the output circuit de- 
vice according to the present invention; 
Figure 7 is a circuit diagram showing one example 
of a common-mode feedback circuit in the output 
circuit device of Figure 6; 

Figure 8 is a circuit diagram schematically showing 
a second embodiment of the output circuit device 
according to the present invention; 
Figure 9 is a circuit diagram schematically showing 
a third embodiment of the output circuit device ac- 
cording to the present invention; 
Figure 10 is a circuit diagram schematically show- 
ing a fourth embodiment of the output circuit device 
according to the present Invention; 
Figure 11 is a block circuit diagram schematically 
showing a fifth embodiment of the output circuit de- 
vice according to the present invention; 
Figure 12 is a circuit diagram schematically show- 
ing a sixth embodiment of the output circuit device 
according to the present invention; 
Figure 13 is a block circuit diagram schematically 
showing a seventh embodiment of the output circuit 
device according to the present Invention; 
Figure 14 Is a circuit diagram showing one example 
of a common-mode feedback circuit In the output 
circuit device of Figure 13; 

Figure 1 5 is a circuit diagram showing one example 
of a differential amplifier circuit In the common- 
mode feedback circuit of Figure 14; 
Figure 16 is a circuit diagram schematically show- 
ing an eighth embodiment of the output circuit de- 
vice according to the present invention; 
Figure 17 Is a circuit diagram schematically show- 
ing a ninth embodiment of the output circuit device 
according to the present invention; 
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Figure 1 8 Is a circuit diagram showing one example 
of a differential skew correction circuit in the output 
circuit device of Figure 5 as a 1 0th embodiment ac- 
cording to the present Invention; 
Figure 19 is a circuit diagram showing one example 
of a buffer circuit in the output circuit device of Fig- 
ure 5 as an 11th embodiment according to the 
present invention; and 

Figure 20 is a circuit diagram showing one example 
of a duty cycle correction circuit in the buffer circuit 
of Figure 19. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0022] Before proceeding to the detailed description 
of the preferred embodiments of the output circuit device 
according to the present invention, a prior art output cir- 
cuit device and its associated problem will be described 
20 with reference to the drawings. 

[0023] Figure 1 is a circuit diagram showing one ex- 
ample of the prior art output circuit device. 
[0024] In the prior art. a clock buffer (output circuit de- 
vice) formed within an integrated circuit and, for exam- 
25 pie. is usually constructed using a full-swing output type 
Inverter. 

[0025] That is, as shown in Figure 1 , the prior art out- 
put circuit device Is constructed from a CMOS (Comple- 
mentary MOS) Inverter 1 00 comprising, for example, an 
30 nMOS (n-channe! type MOS) transistor 102 and a 
pMOS (p-channel type MOS) transistor 101. This type 
of CMOS inverter 100 has the advantages that direct- 
current consumption is low, that high speed operation is 
possible, and|that a large-amplitude output can be ob- 
35 tained as the output voltage is caused to swing fully be- 
tween a high-feve! supply voltage Vdd (for example, 1 .2 
V) and a low-level supply voltage Vss (for example, 0 V). 
[0026] Figure 2 Is a circuit diagram showing another 
example of the prior art output circuit device, which Is 
40 designed to process differential (complementary) sig- 
nals. That is, in high-speed signal transmission, differ- 
ential clock transmission Is often used, and the example 
shown In Figure 2 concerns a clock buffer (output circuit 
device) for such differential clocks. 
45 [0027] As shown in Figure 2, the prior art output circuit 
device for differential clocks comprises two CMOS in- 
verters 201 , 203 and 202, 206. at which differential input 
clocks (input signals) in and /in, for example, are re- 
ceived, and cross-coupled nMOS transistors 204 and 
so 205 provided in parallel with the nMOS transistors 203 
and 206 in the respective CMOS Inverters. Here, differ- 
ential output clocks (output signals) out and /out are de- 
rived In the form of the outputs of the inverters 202. 206 
and 201 , 203 respectively supplied with the input clocks 
55 /in and in. 

[0028] It Is known that the output circuit device shown 
in Figure 2 improves the balance of differential signal 
operation, because the cross-coupled nMOS transistors 
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204 and 205 operate in such a manner as to cause one 
of the differential output signals (input signals) to go to 
a high level "H" when the other goes to a low level "L" 
and vice. versa. 

[0029] In the prior art output circuit devices shown in 
Figures 1 and 2 above, if the delay changes due to dy- 
namic variation of the supply voltage (for example, high- 
level supply voltage Vdd), jitter is introduced in the clock 
signal. Furthermore, if the duty (duty cycle) of the clock 
signal is displaced from 50% for some reason, the dis- 
placement of the duty becomes larger as the clock sig- 
nal propagates through a plurality of clock buffer stages, 
and eventually, one or the other of the clock ppulses 
(high level "H" pulse or low level "L" pulse), whichever 
is diminishing in width, will disappear. 
[0030] As the application of the output circuit device 
shown in Figure 1 or 2 is not limited to a clock buffer for 
clock signal distribution, the above deficiency becomes 
a problem in various other applications of the output cir- 
cuit device. The output circuit device of the present in- 
vention also is not limited in application to a clock buffer, 
but can be applied extensively to various output circuit 
devices such as a buffer, driver, etc. used for signal 
transmission between a plurality of LSI chips or a plu- 
rality of devices or circuit blocks within a single chip or 
between a plurality of boards or cabinets. 
[0031] Next, the basic functional configuration of the 
output circuit device according to the present invention 
will be described. 

[0032] Figures 3A and 3B are block circuit diagrams 
(part 1 ) schematically showing the basic functional con- 
figuration of the output circuit device according to the 
present invention. In the configuration shown in Figure 
3A, an isolating transistor is inserted between the high- 
level power supply line (Vdd) and output circuit (la), 
while in Figure 3B, the isolating transistor is inserted be- 
tween the low-level power supply line (Vss) and output 
circuit (1b). 

[0033] In Figure 3A, reference numeral 1a is the out- 
put circuit (clock buffer circuit proper), 2a and 2a* are 
isolating transistors, 3a and 3a # are capacitors (high-fre- 
quency component attenuating capacitors), and 4a and 
4a* are bias voltage generating circuits. 
[0034] As shown in Figure 3A, in the output circuit de- 
vice according to the present invention, the pMOS tran- 
sistor 2a (or the nMOS transistor 2a') is inserted be- 
tween the high-level power supply line (Vdd) and the 
output circuit 1a, and a constant-level control voltage 
(bias voltage) output from the bias voltage generating 
circuit 4a (4a 1 ) is applied to the gate of the transistor. 
Here, the high-level supply voltage Vdd is, for example, 
1 .2 V, and the low-level supply voltage Vss is, for exam- 
ple, 0 V. 

[0035] The pMOS transistor (source-grounded pMOS 
transistor) 2a, whose source is connected to the high- 
level power supply line, is supplied at its gate with a con- 
trol voltage (bias voltage Vba). for example, of 1 .0 V sub- 
stantially equal to the drain potential, and functions as 



a current source. At this time, the capacitor 3a, one ter- 
minal of which is connected to the gate of the pMOS 
transistor 2a, has its other terminal connected to the 
high-level power supply line (Vdd). and the high-Ire- 
5 quency noise occurring in the potential difference be- 
tween the gate of the transistor 2a and the high-level 
supply voltage Vdd isolated by the transistor 2a is re- 
duced by a noise reduction filter circuit formed from the 
capacitor 3a. 

10 [0036] On the other hand, the nMOS transistor 
(source-follower connected nMOS transistor) 2a', 
whose drain is connected to the high-level power supply 
line, is supplied at its gate with a control voltage (bias 
voltage Vba 1 ) of a voltage level (for example, 1 .0 V or 

is 1.2 V) higher than the source potential by a value not 
smaller than the threshold voltage of that transistor, and 
isolates an internal circuit from the high-level power sup- 
ply line. At this time, the capacitor 3a', one terminal of 
which is connected to the gate of the nMOS transistor 

20 2a\ has its other terminal connected to the low-level 
power supply line (Vss), and the high-frequency noise 
occurring in the potential difference between the gate of 
the transistor 2a* and the low-level supply voltage Vss 
on the side not isolated by the transistor 2a* is reduced 

25 by the capacitor 3a". 

[0037] In this way, in the output circuit 1a, high-fre- 
quency components contained in the high-level supply 
voltage Vdd on the side isolated by the transistors 2a 
and 2a' can be attenuated. Here, the isolating transistor 

30 between the high-level power supply line and the output 
circuit 1 a can be inserted as needed by selecting either 
the pMOS transistor 2a or the nMOS transistor 2a'. Fur- 
ther, the bias voltage generating circuits 4a and 4a* can 
each be configured, for example, as a circuit that will be 

35 described later with reference to Figure 1 0. 

[0038] In Figure 3B, reference numeral 1b is the out- 
put circuit, 2b and 2b' are isolating transistors, 3b and 
3b' are capacitors (high-frequency component attenuat- 
ing capacitors), and 4b and 4b' are bias voltage gener- 

40 ating circuits. 

[0039] As is apparent from a comparison between 
Figure 3B and Figure 3 A, in the output circuit device ac- 
cording to the present invention, the isolating transistors 
2b and 2b 1 can be inserted between the output circuit 1 b 

45 and the low-level power supply line (Vss), rather than 
inserting the isolating transistors 2a and 2a 1 between the 
output circuit 1a and the high-level power supply line 
(Vdd) as shown in Figure 3A above. 
[0040] That is, in the output circuit device shown in 

50 Figure 3B, the nMOS transistor 2b (or the pMOS tran- 
sistor 2b 1 ) is inserted between the low-level power sup- 
ply line (Vss) and the output circuit 1 b, and a constant- 
level control voltage (bias voltage Vbb, (Vbb')) output 
from the bias voltage generating circuit 4b (4b') is ap- 

55 plied to the gate of the transistor. 

[0041] The nMOS transistor (source -grounded nMOS 
transistor) 2b, whose source is connected to the low- 
level power supply line, functions as a current source, 
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and the capacitor 3b, one terminal of which is connected 
to the gate of the nMOS transistor 2b, has its other ter- 
minal connected to the low-level power supply line 
(Vss). The high-frequency noise occurring in the poten- 
tial difference between the gate of the transistor 2b and 
the low-level supply voltage Vss isolated by the transis- 
tor 2b is reduced by a noise reduction filter circuit formed 
from the capacitor 3b. 

[0042] On the other hand, the pMOS transistor 
(source-follower pMOS transistor) 2b\ whose drain is 
connected to the low-level power supply line, isolates 
an internal circuit from the high-level power supply line, 
and the capacitor 3b\ one terminal of which Is connect- 
ed to the gate of the pMOS transistor 2b\ has its other 
terminal connected to the high-level power supply line 
(Vdd); here, the high-frequency noise occurring in the 
potential difference between the gate of the transistor 
2b' and the high-level supply voltage Vdd on the side 
not isolated by the transistor 2b 1 is reduced by a noise 
reduction filter circuit formed from the capacitor 3b'. 
[0043] In this way, in the output circuit 1b high-fre- 
quency components contained in the low-level supply 
voltage Vs$ on the side isolated by the transistors 2b 
and 2b 1 can be attenuated. 

[0044] As shown in Figures 3A and 3B, the transistors 
2a, 2a' or 2b, 2b' are inserted between the power supply 
line to be isolated and the circuit proper (output circuit 
1a or 1b) In order to isolate the operation of the circuit 
proper from supply voltage variations. These transistors 
are source-grounded or source-follower connected; in 
the case of the source-grounded configuration, the high- 
frequency noise occurring in the potential difference be- 
tween the gate and the power supply line on the isolated 
side is reduced while. In the case of the source follower 
configuration, the gate voltage is generated through the 
filter circuit (the capacitor 3a, 3a* or 3b, 3b 1 ) that works 
to attenuate the high-frequency components of the volt- 
age between the gate and the power supply line on the 
non-isolated side. 

[0045] In this way, if noise occurs on the power supply 
line (supply voltage) on the isolated side, as the power 
supply noise is attenuated by the source-grounded (2a, 
2b) or source-follower connected (2a\ 2b*) transistors, 
the effect of the power supply noise on the circuit proper 
(1a, 1b can be reduced. 

[0046] However, when an isolating transistor Is insert- 
ed between the power supply line and the circuit proper, 
the effect of the power supply variation can be reduced 
but, as the variation cannot be eliminated completely, 
Jitter due to the power supply noise may not be reduced 
sufficiently. This is because the output common mode 
varies due to the effect of the residual power supply 
noise and, when It is propagated to the clock buffer at 
the next stage, the common mode variation is amplified, 
further increasing the amount of jitter and thus resulting 
in the occurrence of jitter large enough to become a 
problem. 

[0047] Figure 4 is a block circuit diagram showing one 



example of the output circuit In the output circuit devices 
of Figures 3A and 3B. which is designed to reduce jitter 
by controlling the common mode. 
[0048] As shown in Figure 4, the output circuit 1 com- 

5 prises a common-mode control circuit 11 and buffers 12 
and 13. The common-mode control circuit 11 and the 
buffer 1 3 together function to cause the input common- 
mode voltage to coincide with the output common-mode 
voltage, and the outputs of the common-mode control 

10 circuit 11 are output via the buffer 12. 

[0049] That is, the effect of the residual power supply 
variation described above can be reduced to a minimum 
by causing the common-mode voltage of the signals in- 
put to the circuit proper (output circuit 1 a, 1 b) to coincide 

*5 with the steady-state common-mode voltage obtained 
in a condition where the effect of the power supply var- 
iation is reduced by isolation (that is, the voltage such 
that the common-mode voltage of the Input signals in 
and /in equals the common-mode voltage of the output 

20 signals out and /out). To make the common-mode volt- 
age of the input signals coincide with the steady-state 
common-mode voltage, the common-mode voltage of 
the input signals Is terminated or fed back so that the 
voltage can be maintained at an Ideal value. 

25 [0050] Further, the earlier described problem of the 
duty being displaced and eventually causing a pulse sig- 
nal to be disappeared can be solved by using a feedback 
circuit that detects the duty and adjusts the duty accord- 
ing to the detected value. 

30 [0051] Figu re 5 is a block circuit diagram (part 2) sche- 
matically showing the basic functional configuration of 
the output circuit device according to the present inven- 
tion. In Figure 5, reference numeral 51 is a differential 
skew correction circuit (duty detection and correction 

35 circuit), and 52 and 53 are buffers (buffer circuits). The 
circuit shown in Figure 5 can be applied, for example, 
as the output circuit 1a, 1b shown in Figure 3A. 3B. 
[0052] The duty can be varied effectively by feeding 
back signals proportional to the outputs of the differen- 

40 tlal skew correction circuit 51 shown In Figure 5. 

[0053] For example, In the transmission of four-phase 
clocks $0 to $3 (multi-phase clocks) spaced 90° apart 
in phase, as shown in Figure 5, skew between the com- 
plementary (differential) clocks $0 and $2 and skew be- 

45 tween 4>1 and $3, for example, are detected and fed back 
to the respective buffer circuits 52 and 53; by so doing, 
four-phase clocks <M) to 4>3 with improved phase uni- 
formity can be generated. 

[0054] As described above, according to the present 
so invention, an output circuit device (clock buffer) can be 
provided in which the magnitude of delay Is substantially 
Independent of supply voltage variations. Furthermore, 
an output circuit device can be achieved that provides 
excellent clock duty and multi-phase uniformity, thus 
55 achieving higher-speed signal transmission by reducing 
static and dynamic timing errors occurring in the clock 
system. 

[0055] The preferred embodiments of the output cir- 
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cuit device according to the present invention will be de- 
scribed in detail below with reference to the accompa- 
nying drawings. 
' [0056] Figure 6 is a block circuit diagram schemati- 
cally showing a f irst embodiment of the output circuit de- 5 
vice according to the present invention. In Figure 6, ref- 
erence numeral 1 is a circuit proper (output circuit), 21 
to 24 are isolating pMOS transistors. 31 and 32 are ca- 
pacitors, and 5 is a common-mode feedback (CMFB) 
circuit. 

[0057] In the circuit proper 1, Input signals (input 
clocks) in and /in are received by an input amplifier cir- 
cuit comprising an nMOS transistor differential pair 1 1 3, 
114; the input signals are then transferred via pMOS 
transistors 111, 112 and nMOS transistors 116, 117, re- 
spectively, and output signals (output clocks) out and / 
out are produced via an output stage amplifier compris- 
ing nMOS transistors 118 and 119 respectively connect- 
ed to the transistors 116 and 117 in a current mirror con- 
figuration. Here, the transistors 111 and 112 are supplied 
at their gates with a constant voltage Vcp which is lower 
than the drain potential of the transistors 21 and 22 by 
a value not smaller than the threshold voltage Vth there- 
of. ' 

[0058] The pMOS transistors 21 to 24 each corre- 
spond to the transistor 2a previously shown in Figure 
3A, and act to isolate the circuit proper 1 from the high- 
level power supply line (Vdd). and the capacitors 31 and 
32 each correspond to the capacitor 3a previously 
shown in Figure 3A, the former being connected be- 
tween the high-level power supply line (Vdd) and the 
gates of the pMOS transistors 21 and 22 and the latter 
between the high-level power supply line (Vdd) and the 
gates of the pMOS transistors 23 and 24. This configu- 
ration serves to reduce the high-frequency noise occur- 
ring in the potential difference between the high-level 
power supply Jine Vdd, isolated by the transistors 21 to 
24, and the gates of the transistors 21 to 24. 
[0059] In the first embodiment described above, it is 
assumed that the high-level supply voltage Vdd is, for 
example, about 1 .2 V, and that the pMOS transistors 21 
to 24 forming part of the differential amplifier each cor- 
respond to the transistor 2a in Figure 3A, but in the case 
of a higher supply voltage (for example, about 3 V), the 
pMOS transistors in the differential amplifiers may be 
considered as being included in the circuit proper 1 . and 
the circuit proper 1 may be configured by including ad- 
ditional pMOS transistors (each corresponding to the 
transistor 2a in Figure 3A) therein. 
[0060] Figure 7 is a circuit diagram showing one ex- 
ample of the common-mode feedback circuit 5 in the 
output circuit device of Figure 6. 
[0061] As shown in Figure 7, the common-mode feed- 
back (CMFB) circuit 4 comprises pMOS transistors 511 
to 516, capacitors 521 to 523, and nMOS transistors 531 
to 537. Input signals c and d (the differential output sig- 
nals out and /out of the output circuit device) are sup- 
plied to the nMOS transistor differential pair 533. 535; 



then, a difference voltage equal to the difference be- 
tween the DC components of the input signals is gener- 
ated by the capacitors 522 and 523, and the common- 
mode voltage of the output signals out and /out is fed 
back from the outputs (a and b) connected to the gates 
of the transistors 118 and 119, thereby compensating 
for the displacement of the duty. That is, the common- 
mode feedback circuit 5 detects the common-mode volt- 
age of the outputs of the output stage amplifier circuit 
(transistors 23. 24, 118, and 119). and feeds back cur- 
rent to the input nodes (the gates of the transistors 118 
and 119) of the output amplifier circuit so that their val- 
ues become equal. 

[0062] Thus, i n the first embodiment described above, 
power supply variations are isolated from the circuit 
proper 1 , and the effect of any residual power supply 
variation is minimized by causing the common-mode 
voltage of the signals input to the output stage of the 
circuit proper to coincide with the steady-state common- 
mode voltage; by so doing, jitter can be substantially 
eliminated. 

[0063] Figure 8 is a circuit diagram schematically 
showing a second embodiment of the output circuit de- 
vice according to the present invention. 
[0064] As shown in Figure 8, in the output circuit de- 
vice of the second embodiment, the differential input sig- 
nals in and /in are supplied to the gates of transistors 
121, 123 and transistors 122, 125, respectively, each 
transistor pair forming a push-pull circuit (inverter). The 
common source of the pMOS transistors 121 and 122 
is connected to the high-level power supply line (Vdd) 
via an isolating pMOS transistor 20 and a low-pass filter 
circuit 6, and the gate of the transistor 20 is connected 
to the drain of a pMOS transistor 61 (the source of the 
transistor 20) via a capacitor 30. Here, the transistor 20 
and the capacitor 30 correspond to the transistor 2a and 
the capacitor 3a, respectively, previously shown in Fig- 
ure 3A. In the second embodiment, however, the capac- 
itor 30, one terminal of which is connected to the gate 
of the transistor 20, has its other terminal connected to 
the high-level power supply line (Vdd) not directly, but 
via the pMOS transistor 61 . 

[0065] In the second embodiment, the common-mode 
voltage of the output signals is compensated for by feed- 
ing back the output signals out and /out to the gate of a 
transistor 124 via resistors 127 and 126. 
[0066] The low-pass filter circuit 6 includes a capaci- 
tor (filter capacitor) 62 as well as the pMOS transistor 
(filter transistor) 61 whose gate is supplied with the low- 
level supply voltage Vss. and the high-frequency noise 
occurring in the high-level supply voltage Vdd Is re- 
moved by the low-pass filter circuit 6; then, any remain- 
ing noise is isolated from the circuit proper 1 by the con- 
stant-current characteristic of the source-grounded 
pMOS transistor 20. 

[0067] In this way, according to the output circuit de- 
vice of the second embodiment, resistance to noise can 
be further improved by inserting the low-pass filter circuit 
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6 for the source-grounded transistor (20). 
[0068] Figure 9 is a circuit diagram schematically 
showing a third embodiment of the output circuit device 
according to the present invention. 
[0069] As is apparent from a comparison between 
Figure 9 and Figure 8, in the output circuit device of the 
third embodiment, a resistor (filter resistor) 63 is used 
in place of the pMOS transistor 61 in the low-pass filter 
circuit 6. Otherwise, the configuration Is the same as that 
of the second embodiment shown In Figure 8. 
[0070] Figure 10 Is a circuit diagram schematically 
showing afourth embodiment of the output circuit device 
according to the present invention. 
[0071] As is apparent from a comparison between 
Figure 10 and Figure 8. the output circuit device of the 
fourth embodiment differs from the output circuit device 
of the second embodiment by the inclusion of a bias volt- 
age generating circuit 4. 

[0072] As shown in Figure 10, the bias voltage gen- 
erating circuit 4 comprises a capacitor 41, an nMOS 
transistor 42, and a pMOS transistor 43. The capacitor 
41 and the nMOS transistor 42 are connected in series 
between the low-level power supply line (Vss) and the 
drain of the pMOS transistor (filter transistor) 61. Here, 
the gate of the nMOS transistor 42 is supplied, for ex- 
ample, with an output voltage VI from a buffer that Is 
resistant to a variation in the high-level supply voltage 
Vdd. The pMOS transistor 43 has its source connected 
to the high-level power supply line (Vdd) and its gate 
and drain connected in common to the node between 
the capacitor 41 and the nMOS transistor 42, and the 
output bias voltage Vbp is taken from that node. 
[0073] That is, in the output circuit device of the fourth 
embodiment, the gate voltage of the pMOS gate- 
grounded transistor 20 is generated by receiving the 
current from the nMOS constant-current transistor 42 at 
the diode-connected pMOS transistor 43. Here, the gate 
of the pMOS transistor 43 is connected to the capacitors 
30 and 41 whose other ends are connected to the drain 
of the pMOS transistor 61 . The high-frequency compo- 
nents of the voltage between the gate of the pMOS tran- 
sistor 20 and the high-level power supply line (Vdd) are 
attenuated by the capacitors 30 and 41 . 
[0074] Here, the high-level supply voltage Vdd is, for 
example, 1 .2 V, the low-level supply voltage Vss is 0 V, 
and the bias voltage Vbp output from the bias voltage 
generating circuit 4 is, for example, 1.0 V. Of course, 
these voltage values can be changed variously accord- 
ing to the circuit specification, etc. 
[0075] According to the output circuit device of the 
fourth embodiment, since high-frequency noise is not in- 
troduced In the gate-source voltage of the pMOS tran- 
sistor 20, better Isolation can be achieved and low jitter 
characteristics obtained. 

[0076] Figure 11 is a block circuit diagram schemati- 
cally showing a fifth embodiment of the output circuit de- 
vice according to the present Invention. 
[0077] As is apparent from a comparison between 



Figure 11 and Figures 6 and 8, in the output circuit de- 
vice of the fifth embodiment, the circuit of the second 
embodiment shown in Figure 8 is used as the first stage 
amplifier, and a differential amplifier comprising nMOS 
5 transistors 23\ 24\ 120. 128, and 129 is used as the 
output stage amplifier which amplifies the outputs of the 
first stage amplifier. That is, the output stage amplifier 
comprises the differential pair drive transistors 128 and 
129. source-follower loads (isolating nMOS transistors) 
10 23* and 24', and current source 120. 

[0078] Here, as in the second embodiment, the iso- 
lating source-grounded pMOS transistor 20 and low- 
pass filter circuit 6 inserted between the first stage am- 
plifier and the high-level power supply line (Vdd) and the 
is capacitor 30 connected between the gate of the transis- 
tor 20 and the drain of the pMOS transistor 61 are pro- 
vided for the first stage amplifier; with this arrangement, 
the high-frequency noise in the high-level supply voltage 
Vdd is sufficiently removed. Further, as in the first em- 
20 bodiment shown in Figure 6, the isolating source- 
grounded pMOS transistors 23 and 24 provided be- 
tween the output stage amplifier (differential-pair tran- 
sistors 128 and 129) and the high-level power supply 
line (Vdd) and the capacitor 32 connected between the 
25 high-level power supply line (Vdd) and the gates of the 
transistors 23 and 24 are provided for the output stage 
amplifier, to remove the high-frequency noise in the 
high-level supply voltage Vdd, while on the other hand, 
the high-frequency noise In the low-level supply voltage 
30 Vss is removed by the isolating source-follower nMOS 
transistors 23' and 24' provided between the high-level 
power supply line (Vdd) and the differential transistor 
pair 128, 129 and the capacitor 32* connected between 
the low-level power supply line (Vss) and the gates of 
3S the transistors 23* and 24\ 

[0079] In this way, according to the output circuit de- 
vice of the fifth embodiment, as the high-frequency 
noise in both the high-level supply voltage Vdd, and in 
the low-level supply voltage Vss, can be removed, and 
40 as the source-follower nMOS transistors 23' and 24' are 
used as the differential amplifier in the amplifier stage, 
a low impedance load is achieved and high-speed, 
small-amplitude clocks can be generated. 
[0080] Figure 12 is a circuit diagram schematically 
45 showing a sixth embodiment of the output circuit device 
according to the present invention. 
[0081] As is apparent from a comparison between 
Figure 12 and Figure 8, the output circuit device of the 
sixth embodiment is similar in circuit configuration to the 
so output circuit device of the second embodiment. How- 
ever, the output circuit device of the sixth embodiment 
differs in that the back-gate BG potential (well potential) 
of the pMOS transistors (differential pair) 121 and 122 
is not the high-level supply voltage Vdd, but is the drain 
55 voltage of the Isolating pMOS transistor 20, that Is, the 
voltage Vdd' obtained by removing the high-frequency 
noise from the high-level supply voltage Vdd. Accord- 
ingly, to the well where the pMOS differential-pair tran- 
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sistors 121 and 122 are formed, is applied the source 
potential (Vdd*) of the differential-pair transistors 121 
and 122, thus removing the power supply noise intro- 
duced through the well of these transistors 121 and 1 22. 
[0082] Figure 13 is a block circuit diagram schemati- 
cally showing a seventh embodiment of the output cir- 
cuit device according to the present Invention, and Fig- 
ure 14 is a block circuit diagram showing one example 
of the common -mode feedback circuit in the output cir- 
cuit device of Figure 13. 

[0083] As is apparent from a comparison between 
Figure 13 and Figure 8, the output circuit device of the 
seventh embodiment differs from the output circuit de- 
vice of the second embodiment by the inclusion of the 
common-mode feedback circuit 5. The common-mode 
feedback circuit 5 comprises, as shown in Figure 14, a 
replica circuit 50, which generates a common-mode ref- 
erence voltage Vref, and amplifiers 70 and 80, which 
control the common-mode voltage of the output signals 
by comparing the voltage levels of the output signals out 
and /out with the reference voltage Vref. 
[0084] The replica circuit 50 has a configuration (cir- 
cuit proper 501, isolating source-grounded pMOS tran- 
sistor 52tf capacitor 530 t and filter circuit 506) essen- 
tially similar to the output circuit device (circuit proper 1 , 
isolating source-grounded pMOS transistor 20, capaci- 
tor 30, and filter circuit 6). However, in the replica circuit 
50, the gates of the transistors 5121 to 5125 and the 
drains of the transistors 51 21 to 51 23 and 61 25 are con- 
nected-together to a common node, and the reference 
voltage Vref is taken from that common node. The filter 
circuit 506 in the replica circuit 50 comprises a pMOS 
transistor 561 and a capacitor 562, similarly to the filter 
circuit 6. 

[0085] The amplifiers 70 and 80 are identical in con- 
figuration, that is, each amplifier 70 (80) comprises: an 
amplifier circuit 740 (840), which differentially amplifies 
the reference voltage Vref and a signal e (f) input via a 
low-pass filter comprising a resistor 741 (841 ) and a ca- 
pacitor 742 (842); a filter circuit 706 (806) having a 
pMOS transistor 761 (861) and a capacitor 762 (862); 
an isolating source-grounded pMOS transistor 720 
(820); a capacitor 730 (830); and nMOS drive transistor 
710 (810). 

[0086] Figure 1 5 is a circuit diagram showing one ex- 
ample of the differential amplifier circuit 740 (840) in the 
common-mode feedback circuit of Figure 14. 
[0087] As shown in Figure 1 5, the differential amplifier 
circuit 740 comprises pMOS differential-pair transistors 
741 and 742, to which the reference voltage Vref and 
the signal e input via the low-pass filter, respectively, are 
applied, and nMOS load transistors 743 and 744. 
[0088] As described above, according to the output 
circuit device of the seventh embodiment, the reference 
voltage Vref, generated by the replica circuit 50 having 
a configuration (circuit proper 501, isolating source- 
grounded pMOS transistor 520, capacitor 530, and filter 
circuit 506) essentially similar to the output circuit device 



(circuit proper 1 , isolating source -grounded pMOS tran- 
sistor 20, capacitor 30, and filter circuit 6), is compared 
with the common mode of the output signals out and 
/out (e and f)» and the results of the comparisons are fed 

5 back (g and h) to the output signals, so that control can 
be performed so as to cause the common -mode voltage 
level of the output signals out and /out to substantially 
coincide with the reference voltage Vref. Further, in the 
seventh embodiment, since the common-mode feed- 

10 back is performed only on the output side of the output 
circuit device, it is possible to construct the amplifier 
stage as a single stage amplifier. 
[0089] Figure 16 is a circuit diagram schematically 
showing an eighth embodiment of the output circuit de- 

*s vice according to the present invention. 

[0090] As is apparent from a comparison between 
Figure 1 6 and Figures 8 (13) and 14, in the output circuit 
device of the eighth embodiment, a circuit (common- 
mode voltage generating circuit) similar to the replica 

20 circuit 50 in Figure 14 is provided for a single-stage am- 
plifier circuit similar to the one in the second embodi- 
ment of Figure 8, and the input signals in and /In are 
supplied via resistors 511 and 512 to the gates of the 
differential-pair transistors 5121 , 5122 and 5123, 5125, 

2S that is, the differential input signals in and /in are termi- 
nated in the common-mode voltage generating circuit 
50 via the resistors 511 and 512. As a result, the com- 
mon-mode voltage of the input signals in and /in is 
brought close in value to the output voltage of the corn- 
ea mon-mode voltage generating circuit 50 (the reference 
voltage Vref of the replica circuit). 
[0091] Compared with the common-mode feed back 
type, the output circuit device of the eighth embodiment 
is superior in terms of the frequency characteristic of the 

3S common-mode voltage variation suppression circuit. 
That is, while the common-mode feedback necessarily 
entails a delay through the feedback amplifier circuit, in 
the eighth embodiment the fluctuation in delay associ- 
ated with the feedback can be eliminated because the 

40 common-mode voltage is controlled by a termination 
that does not involve feedback. 

[0092] Figure 17 is a circuit diagram schematically 
showing a ninth embodiment of the output circuit device 
according to the present invention. 

45 [0093] As is apparent from a comparison between 
Figure 17 and Figure 1 6, the output circuit device of the 
ninth embodiment differs from the output circuit device' 
of the eighth embodiment by the inclusion of capacitors 
513 and 514 for AC coupling on the input side. Here, 

so nodes Nin and /Nin on the AC-coupled input side of the 
output circuit are supplied with a bias voltage (reference 
voltage Vref) from the common -mode voltage generat- 
ing circuit (replica circuit) 50 shown in Figure 16. 
[0094] Since the input common-mode voltage can be 

55 supplied to the output circuit device independently of the 
common-mode voltage of the input signals in and /in, 
the output circuit device of the ninth embodiment has 
the advantage that, when the output circuit device is ap- 
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plied, for example, to a configuration where the signals 
propagate through multi-stage clock buffers, variations 
in the common-mode voltage can be completely sup- 
pressed. 

[0095] Figure 1 8 is a circuit diagram showing one ex- 
ample of the differential skew correction circuit 51 in the 
output circuit device of Figure 5 as a 10th embodiment 
according to the present invention, in which a duty (duty 
cycle) detection circuit and correction circuit (feedback 
nMOS transistors 5009 to 5020) are provided at the out- 
put of the buffer. 

[0096] As previously described, the circuit shown in 
Figure 5 can be applied, for example, as the output cir- 
cuit 1 a, 1 b shown in Figure 3 A, 3B f and the embodiment 
shows an example as applied to a clock buffer for trans- 
mitting four-phase clocks 00 to 03 spaced 90° apart in 
phase. 

[0097] As shown in Figures 5 and 18, in the output 
circuit device of the 1 0th embodiment, a complementary 
(differential) pair of clocks 00 (clock of 0° phase: i) and 
02 (clock of 180° phase: j) and a complementary pair of 
clocks +1 (clock of 90° phase: k) and $3 (clock of 270° 
phase: 1 ) ate input to the differential skew correction cir- 
cuit 51. and skew between $0 and 02. and skew be- 
tween 01 and 03 are detected and fed back to the re- 
spective buffer circuits 52 and 53, thereby generating 
four-phase clocks <P0 to 4>3 having improved phase uni- 
formity. 

[0098] That is, the differential skew correction circuit 
51 comprises pMOS transistors 5001 to 5008, nMOS 
transistors 5009 to 5026, and capacitors 5027 to 5029. 
The differential inputs I and j (clocks 00 and 02) are sup- 
plied to the gates of the differential-pair transistors 5009 
and 5010, 5011 and 5012, and 5020 and 5019, respec- 
tively, while the differential inputs k and 1 (clocks 01 and 
03) are supplied to the gates of the differential-pair tran- 
sistors 5013 and 5014, 5015 and 5016, and 5017 and 
5018, respectively. 

[0099] During the high level "H* and low level "L" pe- 
riods of the respective input signals i, J, k, and 1 , signals 
m and n created by combinations of the capacitors 5027 
to 5029 connected to signal lines L1 and L2 are output 
via the pMOS transistors 5005, 5006 and 5008, 5007, 
respectively, whose gates are connected to the respec- 
tive signal lines L1 and L2. By controlling the buffer cir- 
cuits 52 and 53 using these signals m and n, the duty 
between the respective clock pairs 00, 02 and 01 , 03 is 
adjusted to or near 50%, while performing feedback so 
as to maintain the 90° phase difference between the re- 
spective four clocks 00 to 03, thereby outputting the four- 
phase clocks 00 to 03 having accurate phase spacing. 
[0100] The output circuit device of the 10th embodi- 
ment Is preferable as a clock buffer to be used, for ex- 
ample, In a timing generating circuit that requires multi- 
phase clocks with accurate phase spacing. 
[0101] Figure 19 is a circuit diagram showing one ex- 
ample of the buffer circuit 52 In the output circuit device 
of Figure 5 as an 11th embodiment according, to the 



present Invention. 

[0102] As shown in Figure 19, in the output circuit de- 
vice of the 1 1 th embodiment, the complementary (differ- 
ential) pair of clocks 00 (clock of 0° phase) and 02 (clock 

s of 180° phase), for example, are supplied to buffers 
5201 and 5202 as well as to a duty cycle correction cir- 
cuit 5203. The duty cycle correction circuit 5203 detects 
and compares the duty cycles (high level "H" and low 
level "L* periods) of the clocks 00 and 02, and supplies 

10 control signals p and q to the buffers 5201 and 5202 to 
apply corrections so that the duty cycles of the clocks 
00 and 02 become equal to each other. Here, the output 
(m) of the earlier described differential skew correction 
circuit 51 is supplied to the buffers 5201 and 5202, and 

is the skew between the input clocks 00 and 02, detected . 
and corrected by the differential skew correction circuit 
51 , is fed back to the buffers 5201 and 5202, to generate 
the clocks <M and 4>2 having Improved phase uniformity. 
[0103] Figure 20 Is a circuit diagram showing one ex- 

20 ample of the duty cycle correction circuit 5203 in the 
buffer circuit of Figure 19. 

[0104] As shown in Figure 20, the duty cycle correc- 
tion circuit 5203 comprises pMOS transistors 5231 to 
5236, nMOS transistors 5237 to 5243, and capacitors 
25 5244 to 5246. The duty cycle correction circuit 5203 de- 
tects and corrects the skew between the input clocks 00 
and 02, and feeds back the control signal p (q). to the 
buffer 5201 (5202) to generate the clocks <t>0 and <t>2 
with improved phase uniformity. 
30 [0105] According to the output circuit device of the 
1 1th embodiment, the duty of each clock O0, <P2 can be 
adjusted to or near 50% at all times, which serves to 
prevent a pulse from gradually diminishing in width and 
eventually disappearing while the clock is propagating, 
35 for example, through multi-stage clock buffers. 

[01 06] In the above description, the output circuit de- 
vice of the present invention is not limited to a clock buff- 
er to be used for clock distribution, but can be applied 
to various buffers that require high-speed operation with 
40 accurate timing. Furthermore, the output circuit device 
of the present invention is applicable not only to two- 
phase (differential) and four-phase signals, but also to 
eight-phase or other multi-phase signals (for example, 
multi-phase clocks); for example, an output circuit sys- 
45 tern can be constructed that maintains constant phase 
spacing between multiple phases by adjusting the 
amount of delay in each output circuit device In accord- 
ance with an output of a uniformity detection circuit that 
detects phase uniformity between multi-phase clocks. 
so [0107] As described In detail above, according to the 
present invention, an output circuit device can be pro- 
vided that can minimize jitter and can operate at high 
speed with accurate timing. 

[01 08] Many different embodiments of the present in- 
55 vention may be constructed without departing from the 
spirit and scope of the present Invention, and It should 
be understood that the present invention is not limited 
to the specific embodiments described in this speciflca- 
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tion, except as defined in the appended claims. 



Claims 

1 . An output circuit device comprising an output circuit 
connected between a first power supply line and a 
second power supply line via a control circuit having 
at least one isolating transistor, wherein 

a control voltage held at a constant level is 10 
applied to a control electrode of said isolating tran- 
sistor, and 

said control voltage is a voltage at a level that 
works to attenuate high-frequency components 
contained in a voltage supplied from said first or 15 
said second power supply line. 

2. The output circuit device as claimed in claim 1, 
wherein said control circuit comprises a high-fre- 
quency component attenuating capacitor one end 20 
of which is connected to the control electrode of said 
Isolating transistor. 

3. The output circuit device as claimed in claim 2, 
wherein 25 

said isolating transistor is a source -grounded 
MOS transistor, and 

the other end of said high-frequency compo- 
nent attenuating capacitor is connected to a source 
side of said first or said second power supply line 30 
whichever is connected to said source-grounded 
MOS transistor, 
j? 

4. The|output circuit device as claimed in claim 3, 
wherein 35 

* said isolating transistor is a pMOS transistor 
whose source is connected to said first power sup- 
ply line, and whose drain is connected to said output 
circuit, and 

the other end of said high-frequency compo- *o 
nent attenuating capacitor Is connected to said first 
power supply line. 

5. The output circuit device as claimed in claim 3, 
wherein 45 

said isolating transistor is an nMOS transistor 
whose source is connected to said second power 
supply line, and whose drain is connected to said 
output circuit, and 

the other end of said high-frequency compo- so 
nent attenuating capacitor is connected to said sec- 
ond power supply line. 

6. The output circuit device as claimed In claim 2, 
wherein 55 

said isolating transistor is a source-follower 
connected MOS transistor, and 

the other end of said high-frequency compo- 



nent attenuating capacitor is connected either to 
said first or said second power supply line, which- 
ever is not connected to said source-follower con- 
nected MOS transistor, or to a node having a pre- 
scribed potential difference relative to said power 
supply line not connected to said source-follower 
connected MOS transistor. 

7. The output circuit device as claimed in claim 6, 
wherein 

said isolating transistor is an nMOS transistor 
whose source is connected to said output circuit, , 
and whose drain is connected to said first power 
supply line, and 

the other end of said high-frequency compo- 
nent attenuating capacitor is connected to said sec- 
ond power supply line. 

8. The output circuit device as claimed in claim 6, 
wherein 

said isolating transistor is a pMOS transistor 
whose source is connected to said output circuit, 
and whose drain is connected to said second power 
supply line, and 

the other end of said high-frequency compo- 
nent attenuating capacitor is connected to said first 
power supply line. 

9. The output circuit device as claimed In claim 1. 
wherein 

said control voltage is generated through a 
noise reduction filter circuit, and 

said noise reduction filter circuit attenuates 
the high-frequency components contained in the 
voltage supplied from said first or said second pow- 
er supply line whichever is connected to said isolat- 
ing MOS transistor. 

10. The output circuit device as claimed in claim 1, 
wherein 

said output circuit comprises a pair of invert- 
ers amplifying differential signals, and 

a voltage passed through said control circuit 
is applied to a back gate of a transistor forming each 
of said inverters. 

11. The output circuit device as claimed in claim 10, 
wherein a well of each pMOS transistor forming said 
pair of inverters is connected to the source of said 
pMOS transistor. 

12. The output circuit device as claimed in claim 1, 
wherein said isolating transistor is provided on at 
least one side of either between said output circuit 
and said first power supply line or between said out- 
put circuit and said second power supply line. 

13. The output circuit device as claimed in claim 12, 
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wherein said isolating transistor is provided on both 
sides of between said output circuit and said first 
power supply line and between said output circuit 
and said second power supply line. 

14. The output circuit device as claimed In claim 1 , fur- 
ther comprising a low-pass filter circuit provided in 
series to said Isolating transistor. 

15. The output circuit device as claimed in claim 14, 
wherein said low-pass filter circuit comprises: 

a filter transistor connected in series between 
said isolating transistor and said first or said 
second power supply line; and 
a filter capacitor one end of which is connected 
to a connection node between said Isolating 
transistor and said filter transistor. 

16. The output circuit device as claimed in claim 15, 
wherein a potential on said first or said second pow- 
er supply line, whichever is not connected to said 
filter transistor, is applied to a control electrode of 
said filter transistor as well as to the other end of 
said filter capacitor. 

17. The output circuit device as claimed in claim 14, 
wherein said low-pass filter circuit comprises: 

a filter resistor connected In series between 
said Isolating transistor and said first or said 
second'power supply line; and 
a filter capacitor one end of which Is connected 
to a connection node between said isolating 
transistor and said filter resistor. 

18. The output circuit device as claimed in claim 17, 
wherein a potential on said first or said second pow- 
er supply line, whichever is not connected to said 
filter resistor, is applied to the other end of said filter 
capacitor. 

19. The output circuit device as claimed in claim 1 , fur- 
ther comprising: 

a duty detection circuit detecting an output duty 
of said output circuit; and 
a duty adjusting circuit adjusting the output duty 
of said output circuit In accordance with said 
detected duty, and wherein the ratio of said out- 
put duty Is controlled to approximately 50%. 

20. The output circuit device as claimed in claim 1, 
wherein said output circuit device Is a clock buffer 
used for clock signal distribution. 

21 . An output circuit device comprising an amplifier cir- 
cuit to which an input signal Is supplied, wherein a 



common-mode voltage of said input signal is adjust- 
ed to a value substantially equal to a common-mode 
voltage of an output signal output from said ampli- 
fier circuit. 

5 

22. The output circuit device as claimed in claim 21, 
wherein the adjustment of the common-mode volt- 
age of said input signal Is performed by a common- 
mode feedback circuit provided on an output side 
10 of a transmitting circuit that transmits signals to said 
output circuit device. 
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23* The output circuit device as claimed in claim 21, 
wherein the adjustment of the common-mode volt- 
age of said input signal is performed by terminating 
said input signal with a power supply that Is provid- 
ed on an input side, of said output circuit device and 
that generates a common-mode voltage of a pre- 
scribed level. 

24. The output circuit device as claimed in claim 21, 
wherein the adjustment of the common-mode volt- 
age of said input signal is performed by capacitlvely 
coupling said input signal with said amplifier circuit 
and by supplying a DC potential, after said capaci- 
tive coupling, to a power supply that is provided on 
an input side of said output circuit device and that 
generates a common-mode voltage of a prescribed 
level. 

25. The output circuit device as claimed in claim 2 1 , fur- 
ther comprising: 

a duty detection circuit detecting an output duty 
of said output circuit; and 
a duty adjusting circuit adjusting the output duty 
of said output circuit in accordance with said 
detected duty, and wherein the ratio of said out- 
put duty is controlled to approximately 50%. 

26. The output circuit device as claimed In claim 21, 
wherein said output circuit device is a clock buffer 
used for clock signal distribution. 

45 27. An output circuit system having a plurality of output 
circuit devices, multi-phase clocks being transmit- 
ted through said plurality of output circuit devices, 
and phase spacing between multiple phases being 
maintained constant by adjusting the amount of de- 
lay in each of said output circuit devices in accord- 
ance with an output of a uniformity detection circuit 
that detects phase uniformity between said multi- 
phase clocks, wherein each of said output circuit 
devices comprises an output circuit connected be- 
tween a first power supply line and a second power 
supply line via a control circuit having at least one 
Isolating transistor, wherein 

a control voltage held at a constant level is 
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applied to a control electrode of said Isolating tran- 
sistor, and 

said control voltage is a voltage at a level that 
works to attenuate high-frequency components 
contained in a voltage supplied from said first or 5 
said second power supply line. 

28. An output circuit system having a plurality of output 
circuit devices, multi-phase clocks being transmit- 
ted through said plurality of output circuit devices, io 
and phase spacing between multiple phases being 
maintained constant by adjusting the amount of de- 
lay in each of said output circuit devices in accord* 
ance with an output of a uniformity detection circuit 
that detects phase uniformity between said multi- *5 
. phase clocks, wherein each of said output circuit 
devices comprises an amplifier circuit to which an 
input signal is supplied, wherein a common-mode 
voltage of said input signal is adjusted to a value 
substantially equal to a common-mode voltage of 20 
an output signal output from said amplifier circuit. 
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